We compared DSM-IV criteria for major depression (MD) with clinically selected non-DSM criteria in their ability to represent clinical features of depression. Method: We conducted network analyses of 19 DSM and non-DSM symptoms of MD assessed at personal interview in 5952 Han Chinese women meeting DSM-IV criteria for recurrent MD. We estimated an Ising model (the state-of-the-art network model for binary data), compared the centrality (interconnectedness) of DSM-IV and non-DSM symptoms, and investigated the community structure (symptoms strongly clustered together). Results: The DSM and non-DSM criteria were intermingled within the same symptom network. In both the DSM-IV and non-DSM criteria sets, some symptoms were central (highly interconnected) while others were more peripheral. The mean centrality of the DSM and non-DSM criteria sets did not significantly differ. In at least two cases, non-DSM criteria were more central than symptomatically related DSM criteria: lowered libido vs. sleep and appetite changes, and hopelessness versus worthlessness. The overall network had three sub-clusters reflecting neurovegetative/mood symptoms, cognitive changes and anxiety/irritability. Limitations: The sample were severely ill Han Chinese females limiting generalizability. Conclusions: Consistent with prior historical reviews, our results suggest that the DSM-IV criteria for MD reflect one possible sub-set of a larger pool of plausible depressive symptoms and signs. While the DSM criteria on average perform well, they are not unique and may not be optimal in their ability to describe the depressive syndrome.
Introduction
The history of the symptoms and signs used as diagnostic criteria for major depression (MD) in DSM-III and subsequent DSM editions is relatively well understood ( Table 1 ). They derive, with minimal changes, from those proposed for the Research Diagnostic Criteria (Spitzer et al., 1975) , which in turn were based, with modest modifications, on those included in the Feighner Criteria (Feighner et al., 1972) . The Feighner criteria for MD were themselves adapted from an earlier set of items proposed by Cassidy et al. (1957) who cite, as one key source, a set of criteria for MD proposed previously by Stone and Burris (1950) . Some differences across these criteria were noteworthy. For example, Cassidy et al. (1957) included slowed thinking, decreased libido and constipation, none of which were included in DSM-III. DSM-III added worthlessness, a symptom not present in the earlier diagnostic formulations, and added appetite/weight gain, not present in either Cassidy et al. (1957) or Stone and Burris (1950) .
A recent review provided a broader historical context within which to view the DSM criteria for MD (Kendler, 2016) . Examining textbook descriptions of the depressive syndrome from 1900 to 1960, a good but imperfect correspondence was seen between symptoms and signs noted by historical experts and those incorporated into the recent DSM editions. Of the 18 depressive symptoms and signs frequently noted by these textbook authors, 10 were well covered by DSM MD criteria, two were partly covered and six were entirely absent (Kendler, 2016) . For example, the historical experts noted that symptoms of anxiety were commonly present in depression but these were not included in any modern MD criteria. In describing the common cognitive changes in depression, the textbook authors noted a rather wide range of symptoms including hopelessness, pessimism and feelings of inadequacy, symptoms not entirely captured by the relevant single DSM criterion which assesses guilt and feelings of worthlessness. These results were recently extended further back in time to the critical period between 1880 and 1900 where expert descriptions of the depressive syndrome closely resembled those found from 1900 to 1960 (Kendler, 2017b) .
These historical inquiries suggest that the specific criteria chosen for MD for the DSM-III and subsequent DSM editions reflect one subset of a broader number of plausible criteria that could have been chosen. This viewpoint is supported by evidence that common rating scales for depression differ widely in the symptoms they assess (Fried, 2016) . From this perspective, it naturally becomes of interest to examine how the DSM criteria for MD might compare to a set of other plausible symptoms of depression not included in the DSM. Are there distinctive features which differentiate DSM-criteria for MD from these other depressive symptoms? Are the DSM-criteria more centrally placed in this structure of depression than are credible non-DSM depressive symptoms?
To address this question, we utilize a network approach with which we quantify -via the concept of centrality (Opsahl et al., 2010 ) -how closely interconnected each individual criterion is with all the other symptoms in the network. Specifically, we apply network analysis to 8 of the 9 DSM depressive criteria and 11 other depressive symptoms chosen for their research and clinical value. All these criteria were assessed at personal interview in Han Chinese women, ascertained in psychiatric treatment facilities, who met DSM-IV criterion for recurrent MD. We first describe the network formed by these 19 putative criteria and determine the degree to which the DSM and non-DSM criteria are part of a single network. Second, we explore the connectivity structure of these depressive symptoms as revealed by our network analysis to determine if the DSM criteria are more central to the network than are the non-DSM symptoms.
Methods

Sample
The analyses here reported were based on a total of 6008 female cases of MD recruited as part of the CONVERGE (China, Oxford, and VCU Experimental Research on Genetic Epidemiology) study from 57 mental health centers and psychiatric departments of general medical hospitals in 45 cities in 23 provinces in China. The primary focus of CONVERGE was a molecular genetic study of MD (CONVERGE consortium, 2015) . Given evidence that the genetic effects on MD are different in the sexes (Kendler et al., 2001) , we included only female participants with four Han Chinese grandparents. Cases were excluded if they had a pre-existing history of bipolar disorder, psychosis or mental retardation. Cases were aged between 30 and 60, had two or more episodes of MD meeting DSM-IV criteria (American Psychiatric Association, 1994) with the first episode occurring between 14 and 50, and had not abused drugs or alcohol before their first depressive episode.
All subjects were interviewed using a computerized assessment system. Interviewers were postgraduate medical students, junior psychiatrists or senior nurses, trained by the CONVERGE team for a minimum of one week. The study protocol was approved centrally by the Ethical Review Board of Oxford University and the ethics committee in the participating hospitals in China.
The diagnosis of MD was established with the Composite International Diagnostic Interview (CIDI) (WHO lifetime version 2.1; Chinese version), which operationalized DSM-IV criteria for MD (World Health Organization, 1990) . The interview was originally translated into Mandarin by a team of psychiatrists in Shanghai Mental Health Center, with the translation reviewed and modified by members of the CONVERGE team.
From his clinical and research experience, one of us (KSK) added a range of additional items to the depression section of our CONVERGE interview with the goal of using these items to help further in the characterization of the depression syndrome and its relationship with genetic and environmental risk factors. These items came from a range of sources including Beck's work (Beck et al., 1980) and the DSM-IV criteria for melancholia, and their translation to Mandarin was performed and then checked. A number of items included were not used in these analyses because of missing data due to skip patterns which induced statistical dependencies. All items utilized were asked for all subjects included in the sample with low missingness resulting either from the rare refusal or inability to answer or software malfunctions. Only 56 of 6008 participants had missing data, resulting in a final dataset of n = 5952.
Statistical methods
Endorsement rates for sad mood were so high that it was not feasible to include this criterion in subsequent analyses. Therefore, we estimated the network structure among the remaining 8 DSM criterion for MD and 11 non-DSM symptoms, leading to a network with 19 nodes (the symptoms) and 171 potential connections among these symptoms. We followed the three steps for network analysis proposed recently: network estimation, network inference, and network robustness (Epskamp et al., 2017) .
We estimated an Ising Model, the state-of-the-art network model in psychopathology research for binary data, (van Borkulo et al., 2014) which has two important characteristics. Symmetric pathways between the symptoms (called "edges" in the more technical network literature and "connections" here) are estimated as conditional dependence relations: an association between two symptoms means that they remain conditionally dependent after controlling for all other associations among the symptoms in the network. Conversely, if no edge emerges between two symptoms, they are conditionally independent after controlling for the associations among all other symptoms. One can think of the edges in the Ising Model as akin to partial correlations. Second, the network is regularized, is a statistical strategy that shrinks many connections in the network, and sets very small connections to exactly zero (Tibshirani, 1996) . This results in a parsimonious (sparse) network structure that reduces the number of false positive connections and performs well to recover underlying network structures (van Borkulo et al., 2014) .
In a second step, we investigated the degree centrality of each of the symptoms in the network (Opsahl et al., 2010) , which we refer to simply as 'centrality' in the remainder of the paper. Centrality is defined here as the sum of the absolute values of retained connections for each symptom with all other symptoms. A central symptom is usually one with several strong connections, while a peripheral symptom usually [739] [740] [741] [742] [743] [744] has no connections or only few that are mostly weak. Note that prior papers have often investigated further centrality metrics such as closeness or betweenness (Opsahl et al., 2010) ; we focus on degree centrality because it is more interesting for our research question, and because closeness and betweenness are often not reliably estimated in psychopathological networks (Epskamp et al., 2017) . For node placement in the resulting network graph, we use the Fruchterman-Reingold algorithm (Fruchterman and Reingold, 1991) that iteratively computes the optimal layout so that symptoms with stronger and/or more connections are placed closer to each other; central nodes often end up in the center of the graph, nodes with low centrality in the periphery. To statistically compare whether DSM and non-DSM symptom sets differ in centrality, we used a permutation test suggested by Fried et al. (2016) . This test randomly assigns symptoms to two groups 100,000 times, and estimates the degree to which these two groups differ in centrality, creating a distribution under the null-hypothesis. We can then evaluate whether the empirical centrality difference between DSM and non-DSM symptoms is more pronounced than would be expected under the nullhypothesis. We also investigated the community structure of the graph. A community is defined as a set of items that cluster more strongly amongst each other than with other items; the network perspective explains such communities as a result of increased mutual influences among symptoms in a given cluster. We used two state-of-the-art methods for community detection to ensure robustness of results: the walktrap algorithm (Pons and Latapy, 2005) and the spinglass algorithm (Reichardt and Bornholdt, 2006) . Results were nearly identical, and we present the results of the walktrap algorithm in the paper and the results of the spinglass algorithm in the Appendix Figure 6 . In a third step, we investigated the accuracy and stability of the network model, using several bootstrapping procedures described in detail in a recent tutorial paper (Epskamp et al., 2017) . These tests (a) reveal how accurately the connections are estimated by constructing a 95% confidence interval (CI) around them, and (b) show how stable centrality is estimated via the centrality-stability coefficient.
We estimated and generated graphical visualizations of the binary symptom network via the R-packages IsingFit (van Borkulo and and qgraph (Epskamp et al., 2012) , and tested the robustness using the R-package bootnet (Epskamp and Fried, 2015) . To increase the reproducibility of our results, we have made all code available online (https://osf.io/2bj8q/). Table 1 depicts the frequency of endorsement of the 20 putative depressive criteria assessed during the worst lifetime episode. These rates varied from a low of 62.2% for worse in AM to a high of 99.6% for sad mood. The DSM criteria had, on average, higher endorsement rates than did the non-DSM criteria. A tetrachoric correlation matrix for these 20 criteria, along with the adjacency matrix (i.e. the numerical value of all connections) of the network depicted in Fig. 1 , is presented in Appendix Table 1 .
Results
The estimated network shown in Fig. 1 displays the DSM and non-DSM criteria as grey and white circles, respectively. Three features of the network are noteworthy and will be subsequently evaluated statistically. First, the DSM and non-DSM criteria sets are part of the same intermingled network of depressive symptoms -that is, they are substantially interrelated with each other. Second, the network has a clinically meaningful sub-structure. Neurovegetative and mood symptoms cluster at the top of the network, anxious/irritable symptoms at the lower left and cognitive features of depression on the lower right. Third, some of the DSM criteria, especially psychomotor symptoms (#5), worthlessness (#7) and difficulty concentrating (#8) appear relatively highly inter-connected with other criteria in the network. However, other DSM criteria, such as decreased interest (#2) and weight/appetite changes (#3), are more poorly inter-connected. We see a similar variability with the non-DSM criteria which include two peripheral items (distinct quality [#12] and worse in AM [#13]) and several which appear highly inter-connected including unreactive mood (#15) decreased libido (#14), hopelessness (#17) and decreased self-esteem (#10). Fig. 2 summarizes the strength of inter-connectedness -that is centrality -of each of the 19 criteria included in the network. The results align with our "eye-ball" summary of the network graph. Psychomotor changes (DSM), hopelessness (non-DSM) and decreased selfconfidence (non-DSM) are the most central criteria while the least central are distinct quality and worse in AM (both non-DSM) and loss of interest (DSM). These results permitted a formal comparison of the interconnectedness of the DSM and non-DSM criteria which had mean centralities of 3.58 and 3.35, respectively [SDs 1.56 and 1.73]. They do not significantly differ from each other either by a Welch Two Sample ttest [t = 0.3, df = 16.01, p = 0.77] or a permutation test: p = 0.76. As seen in the Appendix Figs. 1-4 , robustness analyses showed that both the strength of the connections and the centrality of the individual symptoms were quite reliably estimated as might be expected given the large sample size. Fig. 3 presents the results of the community detection analysis using the walktrap algorithm. (Results presented in the Appendix Figure 6 were very similar using a different method [the spinglass algorithm] to determine the network structure). We see three clinically meaningful clusters. The largest, cluster A depicted in red in the figure, included 9 symptoms that reflected mood (3 items), somatic/neurovegetative symptoms (4 items) and difficulty with concentration (1 item). The second largest cluster B depicted in green, included 7 symptoms which all reflected cognitive changes associated with depression. The smallest cluster C included three items which reflected anxiety/irritability. While cluster A was made up of nearly equal numbers of DSM and non-DSM criteria, cluster B was predominantly and cluster C entirely made up of non-DSM criteria. Interestingly, helplessness was the key bridging criterion between clusters B and C while difficulty with concentration seemed the most important transitional symptom between clusters A and B and A and C.
Discussion
The major goal of this study was to examine, in a large, carefully assessed and ethnically homogeneous ascertained sample of severely depressed patients, the performance of the DSM criteria for MD compared to a selected set of non-DSM criteria judged by one of us (KSK) on the basis of clinical and research experience to be valuable in the evaluation of depressed patients. Using network analyses, we empirically investigated whether we could find support for or against the impressions gleaned from three historical (Kendler, 2016 (Kendler, , 2017b Kendler et al., 2010) and one empirical study (Fried, 2016) that the symptoms selected for inclusion in DSM are a sensible and clinically informed set of criteria but not necessarily unique or optimal in the assessment of depression.
The DSM criteria overall did a reasonable job reflecting the syndrome of MD as reported by these severely depressed Han Chinese women. However, consistent with these historical reviews, the network analyses indicated that the DSM criteria do not appear to be unique in characterizing depression when examined in the context of selected non-DSM depressive symptoms. Rather, the DSM and non-DSM symptoms appeared to be part of a single intermingled network with substantial inter-relations between them. We then performed a formal analysis comparing the centrality of the DSM and non-DSM symptoms in the network. The two sets of depressive symptoms did not differ statistically.
In two instances, we can link historical discussions about depressive symptoms with the results of our analyses. First, decreased sex drive was included as a depressive symptom in both the criteria proposed by Cassidy et al. (1957) and Feighner et al. (1972) but was not in the DSM-III definitions. Our analyses found that decreased libido was more central than the more traditional neurovegetative symptoms of changes in weight/appetite and sleep. Second, anticipating later work by Beck et al. (1980) , early clinicians described a wide variety of cognitive changes in depression including both hopelessness and feelings of inadequacy (Kendler, 2016 (Kendler, , 2017b . Symptoms of hopelessness and low self-confidence were more broadly connected to other depressive symptoms than the related DSM criterion of guilt/worthlessness.
Our findings can be further compared with the most similar prior study in the literature by two of us (EIF and DB) with colleagues . This study performed a network analysis similar to that applied here to 28 depressive symptoms assessed by the Inventory of Depressive Symptomatology (IDS) (Rush et al., 1996) in 3463 depressed outpatients meeting DSM-IV criteria for MD from the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) study (Fava et al., 2003) . Of the 28 IDS items, 15 derived from DSM MD criteria and 13 did not. Because the symptom content for the non-DSM items in the IDS was quite different from the non-DSM items used in the CONVERGE study, a direct criterion-based comparison of these findings is not very useful. However, like us, they examined the centrality/inter-connectedness of the DSM and non-DSM items. Like us, they found the two did not differ significantly.
The most detailed prior study of the performance of the DSM-IV MD criteria was performed by Zimmerman et al. in a sample of 1800 psychiatric out-patients. Two results were particularly salient. First, among the DSM MD criteria, weight change was one of the two criteria that least frequently impacted on diagnosis, and thus could most easily be eliminated . Second, among non-DSM criteria helplessness and hopelessness had better sensitivity and specificity at predicting MD case status than many of the DSM-IV MD criteria while anxiety was worse than the standard criteria . Although the nature of the sample and the clinical severity differed substantially from the CONVERGE sample used here, some of these findings -especially with regard to the relatively poor, moderate and strong performances of, respectively, weight changes, anxiety symptoms and helplessness and hopelessness -replicated across samples.
Consistent with most prior studies, our findings suggest that the DSM criteria for MD are not unique or "more central" in their ability to identify the depressive syndrome. Rather, they appear to be relatively representative of a broader class of depression symptoms, some members of which might be similar to or even superior to individual DSM criteria in their capacity to capture critical features of MD.
We also examined the substructure of our network using two different community detection methods with comparable results. Our main finding -that most symptoms used to identify MD belong to two major subgroupings -cognitive and neurovegetative -are consistent with several prior studies (Bringmann et al., 2015; Lux and Kendler, 2010; Wichers et al., 2005) . In particular, a prior network analysis of the Beck Depression Inventory longitudinal scores from 182 depressed Fig. 1 . Regularized partial correlation network of 9 DSM and 11 non-DSM depression symptoms. Connections between symptoms depict conservative estimates of partial correlations. Sad mood is not included in the network because it was endorsed by nearly everybody and thus showed too little variability. Fig. 2 . Standardized centrality estimates of the network of 9 DSM and 11 non-DSM depression symptoms. Centrality refers to the sum of all absolute connections of each symptom with all other symptoms. The centrality of sad mood is not available because it was not included in the network. Please refer to Fig. 1 for symptom shortcodes. patients, a community structure analysis showed two groups of items identified as "cognitive" and "somatic-affective," quite similar to our findings (Bringmann et al., 2015) . Our detection of a third cluster of anxiety/irritability symptoms is consistent with the results of the prior historical review which found that 14/19 textbook authors described that symptoms of anxiety, apprehension or irritability as common clinical manifestations of the depressive syndrome (Kendler, 2016) as well as a range of clinical studies showing that anxiety and irritability are prevalent in depressed patients and associated both with poorer treatment response and chronicity (Gollan et al., 2012; Judd et al., 2013; Van Loo et al., 2014) .
Our findings can be usefully compared with the results of a prior conventional exploratory and confirmatory factor analyses of an overlapping set of symptoms in the CONVERGE sample . The factor analyses included disaggregated DSM criteria that separated increased from decreased appetite, weight and sleep. Two of the factors identified these typical versus atypical vegetative features. However, the remaining three factors had strong loadings on, respectively: i) helplessness, hopelessness, worthlessness, and suicidal ideation, ii) irritability, nervousness, and crying, and iii) psychomotor changes, difficulty concentrating, fatigue, and reduced libido. These results are reassuring in that different statistical methods with varying assumptions revealed substantially overlapping pictures of the symptomatic structure of severe depression.
Finally, one of us (KSK) has recently articulated two distinct ways in which to understand the relationship between DSM disorders and their diagnostic criteria: constitutive and indexical (Kendler, 2017a) . In a constitutive relationship, criteria definitively define the disorder so that having a disorder is nothing more than meeting the criteria. In an indexical relationship, by contrast, the criteria are fallible indices of a disorder understood as a tentative or hypothetical diagnostic construct. Our current results provide further empirical support for the indexical position with respect to MD. DSM-III criteria are not unique or specific in the ways in which they reflect the depressive syndrome as would be required by the constitutive position. Rather, consistent with the indexical approach, our findings suggest that DSM criteria for MD are one subset of a broader number of possible criteria that could have been proposed by the relevant DSM panels.
Limitations
These results should be interpreted in the context of three potentially important methodological limitations. First, our sample consisted of patients with relatively severe levels of illness and was restricted to Han Chinese women. These results may not extrapolate to men, other ethnic groups, or to symptom relationships observed in the general population. However, the performance of the DSM-IV criteria for MD in this sample does not differ from comparable samples studies in North America or Europe (Kendler et al., 2015) , thereby increasing the chances that our findings have broader applicability to depressed patients. Second, in our sample, selected for meeting DSM-IV MD criteria, the 8 DSM criteria analyzed had a significantly higher endorsement rate and therefore lower variance, than the non-DSM criteria (means: 0.92 and 0.82, t = 2.51, df = 17, p = 0.02; SDs: 0.25 and 0.37, t = − 2.79, df = 12.18, p = 0.02). Could this bias our findings? We found that the correlation between the standard deviation and centrality of the analyzed symptoms was very low (+ 0.02), suggesting no consistent relationship that would bias the results. Third, of the analyzed symptoms, the DSM criteria "loss of interest" had the highest endorsement and lowest variance. This could have contributed to its peripheral placement in the network.
Conclusions
In a large sample of clinically depressed Han Chinese women, we performed a network analysis of DSM-IV criteria for MD along with a set of non-DSM depressive symptoms chosen for their clinical relevance. The resulting network has a structure that intermingled DSM and non-DSM symptoms. Furthermore, the "inter-connectedness" of the DSM criteria did not differ from the non-DSM symptoms. These results are consistent with the hypothesis, suggested by historical research, that the DSM criteria were chosen from a larger pool of possible items and while they perform well, they are not unique in their ability to capture the core nature of the depressive syndrome.
